Summary. An immunohistochemical study was carried out on two types of dendritic immune cells, Langerhans cells and Thy-l-positive cells, in the epithelium of the forestomach of 1-, 2-, 3-, 4-and 8-week-old mice. Investigation focused on how both types of cells were distributed and might interact in the mucosal epithelium. Langerhans cells and Thy-l-positive dendritic cells appeared in mucosal epithelium at 3 weeks of age, while in the epidermis they were first observed just after birth. In contrast with the epidermal Thy-l-positive cells, mucosal Thy-l-positive cells were closely associated with Langerhans cells. Electron microscopy also confirmed that two types of immune cells interact directly in the stratified squamous mucosal epithelium of mice.
Two kinds of bone marrow-derived dendritic immune cells are distributed in the epidermis of the mouse: Langerhans cells (LC), an Ia-positive antigen presenting cells, and Thy-l-positive dendritic epithelial cells (Thy-1-DEC). Upon activation by antigen, LC migrate to the regional lymph node to present antigen fragments to T cells expressing appropriate receptors (KATZ et al., 1985; WOLFF and STINGL, 1983) . Epidermal Thy-1-DEC belong to a T cell lineage expressing yo T cell receptor and CD3 but lacking CD4 and CD8 surface markers (TIGELAAR et al., 1990) . Thy-1-DEC in the epidermis are suggested to possess a natural killer-like activity (NIxON-FuLTON et al., 1988) and to suppress contact hypersensitivity (WELSH and KRIPKE, 1990) . It does not seem likely that LC and epidermal Thy-1-DEC interact through direct contact in normal epidermis because they are distributed evenly and never overlap (RoMANI et al., 1985) .
LC are also found in stratified squamous mucosal epithelia of the tongue, oral epithelium, esophagus, forestomach, cervix uteri and vagina (summarized by KONDO et al., 1988) . Although the occurrence of LC in the developing mucosal epithelium (K0TANI et al., 1991) as well as in the developing epidermis (KOBAYASHI et al., 1987) has been reported in mice, the distribution of Thy-1-DEC in matured mucosal epithelium remains to be fully studied. Thy-1-DEC also are distributed widely in various epithelia (TAKAGAKI et al., 1989; ITOHARA et al., 1990) . Tissue environments in the mucosal epithelium are known to differ from those in the epidermis; this may result in tissue-specific interaction between two types of dendritic cells. The present study represents an immunohistochemical investigation on the distribution of LC and Thy-1-DEC in the developing mouse f orestomach epithelium in comparison with that in the ear epidermis. Ultrastructural features of the interaction were also examined.
MATERIALS AND METHODS
Five female dd mice at 1, 2, 3, 4 and 8 weeks of age were used in each experiment. Care of the animals in this investigation conformed to the Guide for Animal Research, Nagoya University School of Medicine.
Preparation of epithelial sheets
Following MIYAUCHI and HASHIMOTO (1987) , ears were amputated at the base and depilated by hair removal lotion, and dorsal ear skin was separated from the underlying cartilage with fine forceps. The f orestomach was dissected from the esophagus and the glandular stomach. Small pieces of the tissue were attached connective tissue-side up onto a doublesided adhesive tape (Dermatome tape, 3M) fixed on glass slides. Samples were then incubated with 10 mM ethylenediaminetetraacetic acid disodium salt in phosphate-buffered saline (PBS) for 2h at 3TC. The connective tissue was peeled off with fine forceps, and the remaining epithelial sheets were washed in PBS for 10min and fixed with 4% paraf ormaldehyde in PBS for 1h at 4C.
Immunostaining LC and Thy-1-DEC were detected by a peroxidaseanti-peroxidase (PAP) method. Epithelial sheets were incubated with 1% normal goat serum for 30min at room temperature (RT), then with either the rat anti-mouse Ia monoclonal antibody (mAB; diluted 1/ 50 in PBS; Hybritec) or the rat anti-mouse Thy-1 mAB (1/40 in PBS; Hybritec) for 90min each at RT. After rinses, the specimens were incubated for 90min each at RT, first with the goat IgG anti-rat IgG (1/20 Fig in PBS; MBL) and then with PAP complexes (1/100 in PBS; Nordic or ICN). Immunostained cells were visualized by incubating with a 3, 3'-diaminobenzidine (DAB) solution (10mg DAB and 8ml of H2O2 in 50ml of 0.05M Tris-HCl buffer, pH 7.3) for 5min at RT. After washing in distilled water, the epithelial sheets were mounted in Crystal Mount (CosmoBio KK, Japan). For the detection of yd T cell receptor (yd TCR)-positive cells, we used biotinylated anti-mouse yd TCR monoclonal antibody (1/100 in PBS; PharMingen) at 37C for 1 h. ABC-peroxidase (Vectastain) was applied to detect the antigen according to the manufacturer's directions. Double staining for the la antigen and Thy-1 antigen was performed according to Hsu and SOBAN (1982) with some modifications. The epithelial sheets were incubated with 1% normal horse serum for 30 min at RT and then with mouse anti-mouse Iabk mAb (1/50 in PBS; Vector) for 60min at 3TC. The specimens were incubated with biotinylated goat IgG anti-mouse IgG at 3TC for 45min. ABC-peroxidase (Vectastain) was applied to detect the Ia-positive cells. Subsequently, specimens were incubated with 1% normal goat serum for 30min at RT, then with rat anti-mouse Thy-1 mAb (1/40 in PBS; Hybritec) for 60 min at 3TC. The sheets were incubated sequentially with goat IgG anti-rat IgG (1/20 in PBS; Cappel) and with PAP complexes (1/100 in PBS; Nordic) each for 60min at 3TC. Immunostained cells for the Thy-1 antigen were visualized by incubation with a cobalt-conjugated DAB solution for 5min at RT. Ia-positive cells were brown in color while the Thy-l-positive cells were black.
Numerical estimation
Numbers of the Ia-positive and the Thy-l-positive cells per mm2 in the epithelial sheets were counted in 4 randomly selected fields per mouse and mean+SD was calculated.
Electron microscopy
Small pieces of the forestomach and tongue were first fixed with Karnovsky's fixative (pH 7.4) for 4h at RT and then postfixed with 1% osmium tetroxide in 0.1 M cacodylate buffer (pH 7.4) for 90min at RT. After dehydration with graded ethanol concentrations, they were embedded in Quetol 812 (Nissin EM). Ultrathin sections were stained with uranyl acetate and lead citrate and then examined in a Hitachi H-800 electron microscope.
RESULTS
In the ear epidermis, LC and Thy-1-DEC of more than 200 cells/mm2 were observed as early as 1 week of age (Fig. iA) . In contrast, in the forestomach epithelium, Thy-1-DEC appeared first at 3 weeks of age, their number increasing sharply afterwards (Fig. l B) . A few LC were observed at 1 and 2 weeks of age, and the density reached saturation at 3 weeks. The densities of both types of cells were lower in the forestomach than those in the epidermis except for Thy-1-DEC in 8-week-old mice.
The distribution pattern and morphology of LC, Thy-i-DEC and ys TCR-positive cells in the forestomach epithelium and ear epidermis of 8-week-old mice are shown in Figures 2A-F . Ia-positive cells (LC) in the f orestomach epithelium were distributed homogeneously and extended very long cytoplasmic processes among epithelial cells (Fig. 2A) . Thy-1-positive cells (Thy-1-DEC) in the forestomach showed short dendritic cell processes and sometimes formed clusters (Fig. 2C) . Similar results on the distribution and morphology of both cells were obtained in tongue mucosal epithelium (not shown). In the ear epidermis, both cells showed a stellate or polygonal shape and were evenly distributed among keratinocytes (Fig.  2B, D ). There were also yo' TCR-positive cells in the forestomach epithelium and ear epidermis (Fig. 2E  and 2F, respectively) . Their shapes and distributional patterns were similar to those of Thy-i-DEC. In these areas, no cells were observed reacting with anti CD4 or CD8 antibodies (not shown). LC and Thy-i-DEC in the epidermis had separated areas of distribution (Fig. 3B, D) as reported previously (R0MANI et al., 1985) . In contrast, Thy-i-DEC often came into contact with LC in the f orestomach epithelium (Fig. 3A,  C) . Electron microscopy revealed that LC in the mucosal epithelium of the f orestomach and tongue of 8-week-old mice had cytological characteristics similar to the LC in the epidermis: they contained Birbeck granules (Fig. 4B, insets) and no desmosomes were observed between LC and epithelial cells. Another type of dendritic cell, which possesses a cytoplasm poor in organelles and a nucleus with condensed chromatin and is thus presumed to be a lymphocyte (Fig. 4C) , was observed among epithelial cells. Again, no desmosomal attachments were found between both types of cells. The lymphocytic cells sometimes resided near an LC (Fig. 4A, B) . Although infrequent, we could also observe direct contact by both cells in the mucosal epithelium (Fig. 5) .
DISCUSSION
In the normal epidermis of the mouse, LC and Thy-i-DEC do not overlap, suggesting that they do not contact each other under normal physiological conditions. The present study revealed that LC in the forestomach epithelium often contacted Thy-1-DEC. This was also confirmed by electron microscopy, which indicated that LC resided close to the lymphocytic dendritic cells. Our observations suggest that LC and Thy-1-DEC interact in the mucosal epithelium under normal conditions, possibly reflecting differences of tissue environments between the epidermis and the mucosal epithelium. This interaction may involve the major histocompatibility complex (MHC)-restricted antigen presentation by LC to Thy-1-DEC. In this connection, it is worth noting that T lymphocytes expressing ys TCR respond in an MHC-restricted manner to purified protein derivatives such as myco- bacterial heat-shock protein (HAREGEWOIN et al., 1989 ). It may be also possible that the Thy-1-DEC in contact with LC are CD3-positve and double negative ys T cells specific to the la antigen (MATIS et al., 1989) . Further studies will be necessary to answer these questions.
Another finding in this study is the nearly simultaneous appearance of LC and Thy-1-DEC in the epithelium of the forestomach as well as in the epidermis. This suggests that the development of the epithelial immune system involves the simultaneous appearance of both types of cells in the epidermis and in the forestomach epithelium. However, tissue differences may exist in the composition of immune cells in the epithelia because few Thy-1-DEC were recognizable among numerous LC in the epidermis of the hind-limb skin just proximal to the foot pad (not shown). It is interesting to note that the appearance of the two types of cells in the forestomach epithelium starts at 3 weeks of age, a juncture which may be related to the fact that weaning and feeding begin at that time in mice, thereby resulting in a change of tissue environment. 
